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INTRODUCTION
It has been reported that the pituitary gonadotrophin level changes in relation to various reproductive conditions in the hen, Gallus domesticus. Nakajo & Imai (1961) demonstrated that the total gonadotrophin content of the anterior pituitary from the non-laying hen was higher than that from the laying hen, the lowest content being found in the broody hen. A similar finding was reported by Riley & Fraps (1942) and Phillips (1942) . The blood plasma from the nonlaying hen has also been found to contain more gonadotrophic activity than that from the laying hen (Bailey & Phillips, 1952; Imai & Nakajo, 1958) . The moulting hen was shown to have an increased content of pituitary gonado¬ trophin by Saeki, Himeno, Tanabe & Katsuragi (1956) , but they determined the hormone content of the pituitary only at a mid-stage in the moulting period.
Recently, Nelson, Norton & Nalbandov (1965) and Imai & Nalbandov (1971) demonstrated changes in the lh and fsh levels of anterior pituitary and blood plasma during an ovulatory cycle of the hen, and Imai & Nalbandov suggested that separate secretion mechanisms existed for fsh and lh activities.
In the present study, changes in total gonadotrophic, fsh and lh activities in the pituitary or the blood of moulting hens and the ovarian response to exo¬ genous gonadotrophin were determined for the purpose of investigating the mechanism underlying the continuance of ovarian inactivity during the moult¬ ing period.
MATERIALS AND METHODS
Single comb White Leghorn hens, 10 to 16 months old, were kept in individual cages and were allowed unrestricted access to commercial rations and water.
The present work consisted of a series of four experiments.
Experiment 1 was designed to elucidate the changes occurring in the total gonadotrophic activity in the pituitary and blood plasma during the moulting period. The birds were classified into four groups according to progress of moult, and changes in serum vitellin used as an index of ovarian function. The hens of Group M-I were killed shortly before the onset of moult, assessed by failure to produce an egg for 3 to 5 days and a marked decrease in the serum vitellin level on the day of autopsy. The birds in Group M-I I had heavy shed¬ ding of throat and breast feathers, no egg laying and a low vitellin level. The M-III hens exhibited shedding of four to five primary feathers, no egg laying, and a low vitellin level. The M-IV birds were killed on the day that the serum vitellin level was raised shortly after the termination of the moult while there was still no egg laying. To compare the gonadotrophin level of the moulting with the laying group, the latter hens were killed in the afternoon (14.00 to 15.00 hours) of the day when the first egg of a clutch was laid. At autopsy, all the hens had the soft-shelled second egg of the clutch in the shell gland. Whole blood and anterior pituitaries were collected from hens ofeach group. To concen¬ trate the gonadotrophic hormones, the plasma pool of each group was extracted with cold acetone, using the procedure described previously (Imai & Nalbandov, 1971 
Bioassays
In Exp. 1, total gonadotrophic activities of the anterior pituitary and the plasma extract were determined by the use of the chick testis assay described previously (Nakajo & Imai, 1956 ). In preliminary assays, the linearity of the dose-response line was held within the dose ranges of 1 to 8 mg acetone-dried pituitary powder and 8 to 32 mg plasma extract ofthe laying hen. Based on these results, 1 mg acetone-dried pituitary powder or 10 mg plasma extract obtained from hens in each of the four groups in the moulting period and from laying hens was homogenized or dissolved in 1 ml distilled water and injected sub¬ cutaneously into the dorsal neck region of male chicks 24, 36, 48, 60 and 72 hr after hatching. Control chicks received distilled water only. Chicks were killed 24 hr after the final injection, and the testes were removed, cleaned and weighed. The increased rate of gain in the testicular weight of the treated chicks com¬ pared to the controls was calculated, and the estimation of total gonadotrophic activity was assessed in terms of Chick Units (C.U.), constituted by 35% of the rate of increase. The gonadotrophin content/gland, or /25 ml plasma was calculated on the basis of unit potency and the amount of the pituitary powder or plasma extract obtained.
A modification of the hcg augmentation assay by Steelman & Pohley (1953) Statistical analyses were performed, using the methods of Finney (1964) for the parallel line assay, Snedecor (1956) for the t test, and Duncan (1955) and Kramer (1956) for the multiple range test.
RESULTS

Experiment 1
Serum vitellin levels of thirty hens were measured every other day throughout the period from the cessation of lay to its resumption after the conclusion of moult. A marked decrease in the vitellin titre (less than 10) was Table 1 . On the basis of concentration or content, the anterior pituitaries from the four groups within the moulting period contained more gonadotrophin than the laying hen. In the moulting groups, the hormone activity increased gradually (5-8 to 7-4) [3] [4] [5] [6] [7] [8] [9] (3-0 to 4-7) (8-6 to 14-7)
8-7
(6-1 to 11-3) 0-9 (0-6 to 1-1) [0] [1] [2] [3] [4] [5] [6] [7] (0-5 to 0-9) * 95% confidence limits on the Mean value are shown in parentheses.
as moult progressed, reaching a maximum level at the M-IV stage. In the blood plasma from moulting hens, total gonadotrophic activity was also higher than in the laying hen, the highest level being found at the M-I 11 stage, to be followed by a decrease of activity in the M-IV group.
Experiment 2
The anterior pituitaries of Group M-II hens and of the laying hen with the second egg in the shell gland were assayed for their fsh and lh activities. The results are shown in Table 2 .
The concentration and content of pituitary fsh in the moulting hen was significantly higher than that of the laying hen, the concentration being ap¬ proximately a twofold increase over that in the full laying stage. On the other hand, the concentration and content of pituitary lh activity in the moulting hen was approximately equal to that of the laying hen. Thus, the pituitary fsh : lh ratio differed considerably at different stages, and fsh activity was more predominant in the pituitary of the moulting than of the laying hen.
Experiment 3
In all five hens which received oestrogen for 3 days, the serum vitellin level increased rapidly within a few days of the first injection and remained at a high titre (320 to 640) until the time of autopsy. The mean ovarian weight of this group, however, was low (3-0 + 0-3 g) and no yellow follicles were observed in the ovaries. The serum vitellin titre in the five controls injected with oil was maintained unchanged at a level of less than 10, and the mean ovarian weight was 2-8 + 0-1 g. The total gonadotrophin content of the anterior pituitary of the oestrogen-treated group decreased markedly compared with that of the con¬ trol, being 1-0 and 2-4 C.U./gland, respectively. Moreover, the potency of plasma gonadotrophin in the oestrogen-injected hen could not be detected, even when 30 mg plasma extract were used as the highest dose in the chick testis assay.
Experiment 4
The findings concerning the serum vitellin, ovary and oviduct of the pmsgtreated moulting hens are shown in Table 3 . In all ten hens injected with pmsg, the serum vitellin level increased within 4 days of the first injection and remained at a high level, resembling that of the laying hen. The vitellin titre at the final determination ranged from 160 to 640. The PMSG-treated hens were classified into two groups, i.e. with or without a normal yellow follicle, accord¬ ing to the ovarian response. A growing yellow follicle was present in the ovaries of four of the ten hens treated with pmsg (Group A). The number and the size of yellow follicles observed varied with individuals. Two hens had many yellow follicles of varying size at the time of autopsy. By contrast, the ovaries of six of the ten hens (Group B) did not have any normal yellow follicle, but recently formed atretic follicles were found in almost all the ovaries and the weights of such ovaries were slightly heavier than those of the controls. The difference in oviducal weight was statistically significant (P<0-05) between each of the three groups, A, and the controls.
The findings concerning the ability of CAP homogenate to cause vitellin production and to induce follicular growth in the moulting hens are shown in Table 4 . In all the seven hens injected with CAP, serum vitellin was elevated rapidly and maintained at the level found in the laying hen, and follicular growth occurred. Normal yellow follicles of varying size were found in the ovaries, but the number of the follicles indicated some overstimulation of follicular growth by the CAP treatment when compared with the normal graded series of follicles found in the laying hen. Only small atretic follicles were present in the ovaries of two hens. An atretic follicle of large or medium size resembling those found in the ovaries of the PMSG-treated hens was not detected in any of the CAP-treated hens. The oviducal weights of the CAP-treated hens were similar to those of the normal laying hen and differed significantly (P< 0-05) from those of the group treated with pmsg. No significant difference was observed between the CAP group and the A group treated with pmsg. (3) an imbalance oftheFSH/LH ratio in endogenous gonadotrophins.
Serum vitellin is known to be the precursor of ovo-vitellin which constitutes the main part of yolk substances. Serum vitellin levels, therefore, reflect the production of yolk precursor materials in the liver and of their utilization by the ovary. Although undetectable levels of serum vitellin in the moulting hen indicated a lack of yolk precursor production in the liver, the increase in the level of serum vitellin which occurred following treatment with oestrogen (Exp. 3) showed that the process of production and utilization of the yolk precursor was still functional during this period if the liver was stimulated by oestrogen. However, no follicular growth occurred in the ovary of the oestrogen-injected moulting hen despite a marked increase in yolk precursor material. This may have been due to suppression of endogenous gonadotrophin resulting from injection of oestrogen. The total gonadotrophin content of the pituitary of the oestrogen-injected hen decreased to 1/2-4 that of control pituitary at the same period of moulting. Moreover, the gonadotrophic activity of the plasma from the oestrogen-injected hen could not be detected at the dose level which was threefold higher than that used in the assays for plasma gonadotrophin of the moulting hen.
The results following injection of CAP and pmsg (Exp. 4) show that the ovary of the moulting hen can respond to gonadotrophins with respect to follicular growth and the secretion of oestrogen by these follicles. It is assumed that the failure of follicular growth which occurred in about half of the PMSG-treated hens is attributable to the use of a preparation of mammalian origin. It has been reported that chicken pituitary preparations were more effective than mammalian preparations in inducing and maintaining follicular growth in hens with quiescent ovaries (Das & Nalbandov, 1955; Morris & Nalbandov, 1961) . Imai (unpublished) suggested that the superiority ofthe chicken pituitary material was due to the difference between avian and mammalian gonado¬ trophins but not to that between crude and partially purified preparations. In the present experiments, many recently formed atretic follicles of various sizes from large to small were found in the ovaries of the PMSG-treated hens, but very few atretic follicles were observed in any of the hens treated with CAP. These findings suggest that pmsg may be effective in initiating follicular growth in the inactive ovary but not in stimulating further follicular development.
Nakajo & Imai (1956) , comparing assays based on increases of ovarian and uterine weights in immature mouse or rat with the chick testis assay, reported that the latter was most sensitive for chicken gonadotrophin and adequate for use as quantitative assay when anterior pituitaries from cockerels or hens were used as the test substance. It is commonly accepted, however, that the increase in chick testis weight is not specific for either fsh or lh (Breneman, Zeller & Beekman, 1959 
